Introduction
Cobalt has been foundl essential for the growtlh of certain algae when they are either fixing nitrogen or utilizing nitrate and several workers have shown that cobalt is essential for the nitrogen fixationi systems of legumes, nonlegumes, and certain bacteria. Vana-(lium was reported essential for the alga Scenedesmius obliquus. At present, however, there is little evidence to suggest that either cobalt or vanadium is required by higher plants when provided with a source of fixed nitrogen. Only slight responses to cobalt have been reported for cacao and hevea rubber plants; other careful experiments have given entirely negative results. The literature relating to the work mentioned here has been reviewe(l elsewhere (7, 8, 15, 16) .
In work of this nature the salts used to supply macronutrients to the plants must be free of significant contamination. Although been published (14, 17, 18) . This paper presents the data obtained by the use of the radioactive isotopes Co58 and V48 in a comparative study of the efficiency of a number of procedures employed for the purification of salts used to provide macronutrients. A method for removing cobalt from Fe-EDTA uIsilig anl ion-exchange resin is also described.
Methods
Radioisotopes. The standar(d proce(lure was to add 0.01,utg cobalt as CoCl.. labeled with 6.5 lc Co55 in 1 ml of deionized water, or a negligible nmass of vanadium as 4 lsc of carrier-free V480C13 in 1 ml of deionized water to each 250 ml of micronutrient salt solutions. In some experiments additional amounts of unlabeled Co or V were added (where shown in the tables) to test the efficiency of removal at higher concentrations of the metals. No (lifficulty was experienced from any chemically unreactive radiocolloid fractions (14, 19) . The salt solutions were radio-assayed after treatment as 10 ml aliquots in a scintillation counter [ Reagents and Glassware. The salts to be purified were analytical reagent grade and presumably already contained small but unknown amounts of the metals under consideration (7) . All glassware was rigorously cleaned in acid and deionized water in the manner customary for this work (7) . Experience at an early stage showed that this procedure was especially necessary to prevent adsorption on the glassware of the minute amount of vanadium used in the experiments with carrier-free material. All filtrations were done through No. 4 porosity sinterecI glass funnels.
Putrification Procedures. Of the methods examined here, some were adopted as described in previously published work (see below) and others were modifications of these methods or were devised during the investigation. The actual procedures tested are given below with relevant experimental details.
The salts to be purified (KNO3, MgSO4 7H,O, Ca(NO3)2 and NaH,PO4 2H9O) were prepared as molar solutions at natural pH. Where the effects of pH, of salt concentration, or of other variations in the methods were tested additionally, the details are shown later in the appropriate places. In those methods where charcoal was used this was extracted exhaustively in several changes of boiling N HCI and then in hot water, and all solvents were redistilled from pyrex glass apparatus. A. 8-Hydroxyquinoline (oxine) (5, 10, 20, 21) at pH 6.5. All further purification procedures on sodium phosphate solutions were therefore carried out at pH 6.5.
The quantity of nitroso-R-salt reagent normally employed was inadequate for efficient removal of an added 100 ug Co. Doubling the quantities of this reagent and of charcoal restored the purification to the previous high efficiency (table III) . When successive additions of 0.01,ug Co were added to the same salt solutions followed each time by treatment with nitroso-R-salt, there was no appreciable difference in the extent of removal (table IV) . This would suggest that the method was no less efficient with 100 ,ug Co than with 0.01 ,ug, provided adequate amounts of reagents were employed in relation to the level of contamination.
Increasing the concentration of the salt solutions as represented by Ca(NO3)2 decreased the efficiency of removal of the added Co (table V) . This effect of salt concentration was independent of the quantity of reagents employed. A similar effect of salt concentration was observed when saturated or molar solutions of phosphate (pH 6.5) were compared, but no such effect was found with KNO3 and MgSO4.
Remiioval of Vanadiumii. Nine purification pro- (10) .
Use of the methods recomnmeiicle(n here may be expected to decrease the Co or\V contamination in solid( salts fromii a likely value of 1 ,gg (7) tion with oxine, tannic acid, and thionalid or extraction with chloroform in the presence of cupferron for vanadium.
The expected contribution of either element from the macronutrient salts in a nutrient solution purified as recommended might be reduced to about 1.4 X 10-6 ,ug/liter.
A method for removing cobalt from Fe-EDTA using ion-exchange resin is also described.
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